We investigated the association between the radiological findings and the symptoms arising from the patellofemoral joint in advanced osteoarthritis (OA) of the knee. Four radiological features, joint space narrowing, osteophyte formation, translation of the patella and focal attrition were assessed in 151 consecutive osteoarthritic knees in 107 patients undergoing total knee replacement. The symptoms which were assessed included anterior knee pain which was scored, the ability to rise from a chair and climb stairs, and quadriceps weakness.
We investigated the association between the radiological findings and the symptoms arising from the patellofemoral joint in advanced osteoarthritis (OA) of the knee. Four radiological features, joint space narrowing, osteophyte formation, translation of the patella and focal attrition were assessed in 151 consecutive osteoarthritic knees in 107 patients undergoing total knee replacement. The symptoms which were assessed included anterior knee pain which was scored, the ability to rise from a chair and climb stairs, and quadriceps weakness.
Among the radiological features, only patellar translation and obliteration of the joint space had a statistically significant association with anterior knee pain (odds ratio (OR) 4.85; 95% confidence interval (CI) 1.83 to 12.88 and OR 11.23; 95% CI 2.44 to 51.62) respectively. Patellar translation had a statistically significant association with difficulty in rising from a chair (OR 9.06; 95% CI 1.75 to 45.11). Other radiological features, including osteophytes, joint space narrowing, and focal attrition had no significant association.
Our study indicates that the radiological findings of patellar translation and significant loss of cartilage are predictive of patellofemoral symptoms and functional limitation in advanced OA of the knee.
In patients with advanced osteoarthritis (OA) of the knee, patellofemoral degeneration at the joint frequently coexists with tibiofemoral OA. Recent studies have shown that patients with concomitant patellofemoral OA had more symptoms and functional disability than those with isolated tibiofemoral OA. 1, 2 In most previous studies, however, the focus has been on the tibiofemoral compartment and the significance of the patellofemoral OA has not been elucidated in detail. [3] [4] [5] [6] [7] The primary investigation for evaluating the patellofemoral joint is the plain radiograph. Several radiological features, including the degree of osteophyte formation, the amount of joint space narrowing, and the presence of malalignment, are sought on the assumption that the patellofemoral symptoms and functional disability can be attributed to the radiological findings. However, the relationship between the radiological findings and the symptoms and functional disability attributed to the patellofemoral joint has not been well documented. 5, [7] [8] [9] A few previous studies reported that radiologically-confirmed osteophytes, rather than joint space narrowing, were the best predictor of pain in early-stage OA. 10, 11 We investigated the association between the radiological findings and the symptoms and functional disabilities arising from the patellofemoral joint in patients with advanced OA warranting total knee replacement (TKR). 15 The clinical information gathered and plain radiographs were evaluated in 121 consecutive patients (170 knees) who had undergone TKR for advanced OA between November 2003 and July 2004. We excluded 19 knees (14 patients) where the diagnosis was not primary OA. Seven patients (11 knees) had rheumatoid arthritis (RA), three patients (four knees) had post-traumatic arthritis, three patients (three knees) had arthritis secondary to infection and one knee was neuropathic. Consequently, 151 osteoarthritic knees (107 patients) were included in the study. There were 104 women and three men. Other preoperative demographic and radiological data are shown in Table I . The study was approved by the institutional review board of our hospital and informed consent was obtained from all patients.
Patients and Methods
All pre-operative clinical evaluation, including the symptoms and functional disabilities of the patellofemoral joint, were performed within three days of the surgery by an independent investigator (not an author). The patellofemoral scoring system of Feller et al 15 allocates higher scores for less pain and better function, with 15 points available for anterior knee pain and five each for quadriceps strength, ability to rise from a chair and stair-climbing. The total score can range between three and 30 points. The investigator was provided with the detailed guidelines for data collection 16 in order to ensure accuracy and reliability. All radiological evaluations included standing anteroposterior (AP), standing 45˚ flexion posteroanterior, lateral, and Merchant patellofemoral views of the knee. 17 All the radiological images were digitally acquired through the picture archiving and communication system (PACS), and the assessment was subsequently carried out using the associated Impax software (Agfa, Antwerp, Belgium). Independent examination of the radiographs was undertaken by three orthopaedic surgeons (CBC, IH, TKK) who were not given any information about the patient. Before evaluation, the observers (CBC, IH, TKK) studied five sets of radiographs and had a consensus session to establish consistency in the principles of the radiological evaluation.
Radiological assessment of the patellofemoral joint involved lateral and tangential (Merchant) views. The lateral view was taken with the knee flexed to 30˚ with the patient supine and the Merchant view was taken at 45˚ of knee flexion with a leg-holding device. 17 The patellofemoral radiological scoring used the modified Ahlbäck scoring system proposed by Mont et al, 18 in which the scores reflect joint space narrowing, osteophyte formation, translation of the patella, and attrition. Osteophyte formation was assessed on both the lateral and Merchant views, but the joint space, translation and attrition were assessed only on the Merchant view. The scores were determined as follows: joint space -normal (0 point), narrow (1 point), or obliterated (2 points); osteophytes -absent (0 point), ≤ 1 cm (0.5 point) or > 1 cm (1 point); translation -absent (0 point) or present (1 point); attrition -absent (0 point) or present (1 point). The presence of joint space narrowing was defined when the minimal joint space in any facet was < 5 mm, and joint space obliteration was defined when the minimum joint space in any facet was < 1 mm. Translation was defined when the patella was subluxed medially or laterally relative to the trochlear groove. The presence of attrition was defined when subchondral bone of the patella or the trochlear groove of the femur showed an erosion deeper than 2 mm with reference to the adjacent intact bone. According to the original Ahlbäck scoring system, 19 the presence of attrition was considered a higher grade of radiological OA than joint space obliteration. However, in our experience, focal attrition could occur without obliteration of the joint space at the patellofemoral joint. Therefore, we evaluated radiological focal attrition in all knees regardless of the status of the joint space.
In addition, the radiological features of the tibiofemoral joint were investigated to evaluate the possible confounding effect of the tibiofemoral OA on the patellofemoral symptoms and functions. The tibiofemoral angle was measured on a standing AP view including the hip, knee and ankle. Standing AP and standing 45˚ flexion posteroanterior views of the knee were also scored with the modified Ahlbäck system 18 in which the scores for the medial and lateral compartments are determined by the presence of joint space narrowing (1 point) or obliteration (2 points), tibial and/or femoral sclerosis (0.5 point each), osteophyte formation ≤ 1 cm (0.5 point) or > 1 cm (1 point), and joint subluxation (1 point) for a maximum total of five points.
Intra-and inter-observer reliabilities of the assessment of the radiological features were evaluated with the use of κ statistics 20 with all the radiological assessments repeated by the same examiners after an interval of three weeks. The examiners (CBC, IH, TKK) were blinded to the results of previous assessments and the radiographs were presented in a different order from the first examination. The senior examiner (TKK) had 12 years experience as an orthopaedic surgeon and the other two had five and four years (CBC, IH) experience, respectively. In general, intra-were better than inter-observer reliabilities. The κ coefficients for intra-and inter-observer reliabilities for the assessment of each radiological feature in the patellofemoral joint are listed in Table II .
Ordinal logistic regression analysis was used to investigate associations between the radiological features and the symptoms and functional disabilities of the patellofemoral joint. In the analyses, the results of the radiological evaluation session with a higher inter-observer reliability were used. Then, among the results of three observers (CBC, IH, TKK), the grades which were agreed by at least two of the observers were used. In the case of disagreement, the results Ordinal logistic regression is an extension of a binary logistic regression that investigates the effect of a number of independent variables on an outcome variable that has more than two ordinal categories of outcome. In this study, the independent variables were the radiological features. Two binary dummy variables were created for joint space and for osteophyte formation, each representing a comparison of one category of radiological variable with its relevant baseline category. The outcome variables for separate ordinal logistic regression analyses were the degrees of anterior knee pain and functional impairment. To control the effects of possible confounding factors, univariate logistic regression analyses were performed for patient demographics such as age, gender, height, body-weight, body mass index, as well as for conditions of the tibiofemoral joint, including the tibiofemoral angle (Table I) . If the possible confounding variables had a p-value < 0.1, they were included as a covariant in the final ordinal logistic regression analyses. In each ordinal logistic regression analysis, an odds ratio (OR) of x for a specified radiological feature described by a particular dummy variable implied that, compared to its baseline category, the knee with that radiological feature had x times the odds of experiencing a higher level of anterior knee pain or functional impairment when other independent variables were controlled. The OR when calculated was presented with 95% confidence intervals (CI). Statistical analyses were conducted using SPSS version 12 (SPSS Inc., Chicago, Illinois) and a p-value < 0.05 was considered statistically significant.
Results
The incidence of symptoms and functional impairment arising from the patellofemoral joint is summarised in Table III. Of the 151 knees, 62 (41.1%) had anterior pain. The knees of most of these patients caused difficulty in rising from a chair and difficulty in stair-climbing, although only two knees (1.3%) had a reduction in quadriceps muscle strength. The radiological findings are summarised in Table IV. Joint space narrowing or obliteration was identified in 56 knees (37.1%), 148 knees (98%) had osteophytes, 17 knees (11.3%) had patella translation and 33 knees (21.9%) had focal attrition.
In the logistic regression analyses, the presence of patellar translation and obliteration of joint space were significantly associated with increased anterior knee pain (OR 4.85; 95% CI 1.83 to 12.88 and OR 11.23; 95% CI 2.44 to 51.62, respectively; Table V ). The presence of patellar translation was significantly associated with increased difficulty in rising from a chair (OR 9.06; 95% CI 1.75 to 45.11). No other radiological features, such as joint space narrowing, presence of osteophytes, or the presence of focal attrition, had a statistically significant association with the symptoms and functional disabilities of the patellofemoral joint (Table V) . Quadriceps strength and difficulty in stairclimbing were unavailable for the logistic regression test, as variations within the subjects were too small.
Discussion
We have previously reported only a weak correlation between the condition of the articular cartilage and symptoms of patellofemoral joint in osteoarthritic patients warranting TKR. 16 We have now extended the study to investigate the association between the radiological findings and the symptoms of the patellofemoral joint in the patients. This study indicates that a straightforward relationship between the characteristic radiological features of patellofemoral OA and symptoms and of limitations of function may be erroneous. Of the radiological features evaluated, only obliteration of the joint space and patellar translation had a statistically significant association with anterior knee pain and difficulty in rising from a chair. However, these two radiological findings were found only in a small proportion of patients. The more frequently observed joint space narrowing, osteophyte formation, and focal attrition had no statistically significant association with the symptoms and limitations of function. The radiological finding of joint space narrowing is known to reflect the amount of cartilage destruction and progression of OA. 9, 21 However, several studies have suggested that joint space narrowing correlates poorly with pain. [9] [10] [11] Our findings echo these previous findings. Only complete obliteration of the joint space was significantly associated with increased pain, whereas reduction in the joint space had no statistically significant association. In our previous study, we found only a weak association between the condition of the articular cartilage and patellofemoral symptoms. 16 In our study, patellar translation was predictive of increased anterior knee pain and difficulty in rising from a chair, suggesting that patellofemoral malalignment or abnormal tracking can be an important cause of symptoms. In theory, varus tibiofemoral deformity decreases the Q angle, which might reduce the laterally-directing force and increase the medially-directed force by the quadriceps, resulting in medial translation of the patella. 22, 23 In this study, the mean tibiofemoral angle was varus 3.4˚ and most knees (94%) had a varus tibiofemoral deformity, but the direction of the patellar translation was lateral in 16 of the 17 knees where patellar translation was found. This finding suggests that in knees with advanced OA, patellar translation is caused by other factors, such as asymmetrical erosion of cartilage, peripatellar soft-tissue imbalance, or atrophy of vastus medialis obliquus.
We found no statistical association between osteophyte formation and symptoms and functional disabilities. Others have reported a stronger association between knee pain and osteophyte formation than between knee pain and joint space narrowing. 10, 11 Cicuttini et al 10 reported that the presence of osteophytes at the patellofemoral joint was the best predictor of knee pain. Lanyon et al 11 * of the four outcome variables representing the patellofemoral symptoms and functions, quadriceps strength and stair-climbing were unavailable for the logistic regression test as variations within subjects were too small † an odds ratio of x for a specified radiological feature described by a particular dummy variable implied that, compared with its baseline category, the knee with that radiological feature had x times the odds of experiencing a higher level of anterior knee pain or functional impairment, when other independent variables including patient demographics such as age, gender, body weight, body mass index, as well as conditions of the tibiofemoral joint including the tibiofemoral angle were controlled for odds ratio ‡ CI, confidence interval also reported that the presence of osteophytes in both the tibiofemoral and the patellofemoral joints correlated well with knee pain. Our previous intra-operative study of patients undergoing TKR for advanced OA found no statistically significant association between the extent of osteophyte formation and anterior knee pain and patellofemoral functional disability. 24 The reason for the discordance between our studies and those by Cicuttini et al 10 and Lanyon et al 11 is not clear, but may reflect differences in the patient populations which were studied. In the study by Cicuttini et al, 10 only 24.2% of knees had evidence of osteophyte formation, and Lanyon et al 11 found that 215 of 452 knees (47.6%) had no radiological evidence of osteophytes. In contrast, our patients had some degree of osteophyte in most cases (98.0%). Therefore, the association of osteophytes and symptoms might vary with the severity of OA.
Several limitations of this study should be noted. First, all the patients in this study had advanced OA severe enough to warrant TKR, and these findings might not be applicable in the earlier stages of OA. Secondly, the preponderance of female patients should be noted and the results might not be applicable to male patients. Finally, despite our efforts to make the assessment of the symptoms and functions specific to the patellofemoral joint, the presence of tibiofemoral OA might contribute to the symptoms and functional limitations. In order to adjust for confounding effects, the variables of the tibiofemoral conditions were included in the final logistic regression analyses if they had a p-value < 0.1 in the univariate analyses.
In this study of patients undergoing TKR for advanced OA, we found that only the complete obliteration of the patellofemoral joint space and the presence of patellar translation were significantly associated with anterior knee pain or difficulty in rising from a chair. Our findings suggest that caution should be observed in attributing patellofemoral symptoms to the characteristic radiological features in advising patients with advanced OA in pre-operative planning for TKR.
